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Abstract — Today, the forging industry is facing new challenges. 
The day-to-day business is characterized by fluctuating order 
quantities and the production of high numbers of variants. 
Under this condition the tool logistics is gaining more 
importance in order to minimize production downtimes 
through guaranteeing high tool availability with minimal tool 
costs. This paper presents an approach for a synchronisation 
of tool supply processes to production requirements by 
evaluation of the cause-effect interdependencies from tool life 
quantity and tool stock level on production performance and 
tool utilization. Therefore the developed simulation model and 
its usage for an extensive simulation study is specified in this 
paper. It presents the findings from the cause-effect analysis 
and is subdivided into four sections. In the first section the tool 
logistic is described by a typical tool loop in massive forging 
industries which is confirmed by a survey in 27 German forging 
companies. Elements of a tool loop and the influencing factors 
are specified. From this, the objectives of tool logistics (e. g. 
high tool availability and low tool stock level) are deduced in 
the second section. For the quantification of objectives in tool 
logistics basic key indicators are defined and described 
mathematically. In the third section an ideal tool loop is defined 
and associated key indicators, such as "Maximum production 
output rate per tool" are calculated. The modular structure of 
the simulation model and the experimental design for the 
simulation study is described in section four. The simulation 
study is carried out in order to describe cause-effect 
interdependencies between influencing factors and objectives 
(e. g. tool availability) in tool logistics. Therefore a one by one 
factor study gives significant value ranges for fully factorial 
experiments. This is used to analyze the effects of interactions 
between influencing factors on the tool logistics objectives. 
Finally the basic conclusions from the experimental simulation 
study are described as well as the ongoing research which is 
facing an approximation function, that enables to calculate tool 
operating points. 

Index Terms — forging industry, tool logistics, simulation study, 
cause-effect interdependencies, tool logistics objectives, 
influencing factors, calculate tool operating points 

I. INTRODUCTION 

Due to the complexity and size of forging tools set-up 
efforts of forging companies are comparatively high. The 
heaviness of tools, the availability of means of transport and 
process dependent preheating cause an organisational effort 
for a set-up of press machines. Friihwald evaluated from 
several numbers of set-up records in forging companies that 
the unavailability of tools increased set-up times 
approximately up to 30 % [1]. According to Bohnet, set-up 
times were the reason for 20 % of unproductive machine 
idle times [2]. Therefore forging companies should have 



avoided additional set-up times caused by tool failures to 
obtain short throughput times [3]. To execute the master 
production schedule a synchronisation of tool logistics and 
production requirements is necessary. Synchronisation means 
the adjustment of time and quantity of tool supply processes 
to production requirements. Logistic synchronisation is 
realized by the adaption of process parameters in tool 
logistics i.e. tool stock level and dispositve tool life quantities. 
The dispositive tool life quantity is a control variable which 
defines the maximum possible tool life quantity to be planned 
for a production order. This requires an evaluation of cause- 
effect interdependencies between tool supply processes and 
tool usage in production. Based on the evaluation of the 
cause-effect interdependencies, tool stock level and 
dispositve parameters like dispositive tool life quantity can 
be adjusted. Within the framework of the research project 
SFB489 C4 "Planung und Steuerung flexibler Lieferketten 
zur Herstellung prazisionsgeschmiedeter Bauteile" 
("planning and control of flexible supply chains for the 
production of precision forged components") a simulation 
study was conducted based on real tool logistic processes in 
order to examine influencing factors which affect the 
synchronisation of tool logistics with production 
requirements. 

II. TOOL LOGISTICS IN MASSIVE FORGING 

As forging tools are used more than once before their 
withdrawal from service they cycle in a closed loop. Fig. 1 
shows a specific tool cycle within forging industries which 
was confirmed by a survey in 27 German forging companies 
within the scope of the research project. Triggered by 
allocation orders, ready-to-use tools were removed from 
stock. In the allocation process needed tools were assorted 
in sets and transported to the production. The period of tool 
usage stared at the beginning of the set-up for tool sets. It 
ended with tool disarm. Afterwards the tool condition was 
tested and the remaining tool life quantity was determined. 
Within this tool test a decision was made whether a tool has 
to be withdrawn from service. Tools which were not 
withdrawn from service are stored temporarily. They were 
pulled in the tool shop for processing only on demand. 
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Figure 1 . Typical tool loop within massive forging companies 

Three options for tool processing were considered in the 
tool shop. The first option was the production of new tools. 
In a steady-state the production of tools equaled the number 
of tools which were withdrawn from service. This meant 
that the rate of production (tools per time) equaled the rate 
of withdrawals from service (withdrawals per time). As a 
second option each used tool was serviced. The service was 
limited to cleaning (e. g. removing scale layers from tool 
surface). In this case tools were scheduled for production 
with the remaining tool life quantity. The third option was to 
remanufacture tools. Reman ufactured tools were scheduled 
for production with a dispositive tool life quantity 
corresponding to the tool life quantity from new tools. 
Remanufacturing included repair processes, e. g. "GWE"- 
procedures (Grouting, Welding, Eroding). The time needed 
to remanufacture tools depended on the actual tool condition. 

Within the survey four major influence factors of tool 
logistics were identified. A large part of interviewed forging 
companies emphasized the variance of tool life quantity as 
an important influencing factor: Tools in massive forging 
are subject of many process uncertainties during usage (e.g. 
variations in temperature of forging parts and irregularity of 
manual tool lubrication) as well as during processing in the 
tool shop (e. g. uncertainties in heat treatment of tools) so 
they have a highly distributed tool life quantity. The second 
major influencing factor is the variance of production order 
quantities and frequency. Forging companies, as core supplier 
of the automotive industry, are striving more and more for 
an "on demand production" so they can produce with highly 
fluctuating production order quantities and frequencies. The 
third major influencing factor lies in the variance of tool 
lead time in production caused by disturbances (e.g. short 
term sequence permutations of production orders or machine 
breakdowns). The fourth major influencing factor cited by 
the interviewed companies was the variance of throughput 
times in the tool shop mainly caused by the variable condition 
of used tools. The above cited uncertainties result in high 
tool stock level. In order to avoid a rise of tool stock 
interviewed forging companies mentioned technical and 
organizational measures: Technical measures such as coating 
of tools were cost-intensive and exclusively affected the tool 
life variance. Hence, they are not considered in this paper. 
In contrast, organizational measures are cost-efficient and 
mainly consist in adjusting dispositive parameters in tool 



logistics such as dispositive tool life quantity, maintenance 
strategy and shift model of working systems in the tool shop. 
Thus, organizational measures present the subject of this 
research project. 

III. BASIC KEY INDICATORS IN TOOL LOGISTICS 

The objectives of tool logistics were deduced based on 
objectives of production logistics according to Nyhuis and 
Wiendahl [4]. Fig. 2 depicts a system of objectives in tool 
logistics. This system encompasses objectives which 
correlate with the tool costs (high tool utilization and low 
tool stock level) and with the tool performance (short tool 
loop time and high tool availability). In order to achieve a 
profitable adjustment of the above cited objectives it is 
desirable to quantatively represent the interdependencies 
between them and the possibilities to influence them. For 
the quantification of objectives in tool logistics basic key 
indicators are defined and described below. 
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Figure 2. System of objectives in tool logistics 

A. Tool loop time 

The tool loop time is defined as the time span a tool 
requires from the storage into the stock of ready-to-use tools 
till the end of the operation in the tool shop. Fig. 3 shows all 
tool loop time elements. 
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According to Fig. 3 the tool loop time is calculated as the 
total of storage time in the stock of ready-to-use tools, 
throughput time during allocation, throughput time during 
tool usage, throughput time during tool test, storage time in 
the stock of tested tools and throughput time in the tool shop. 
Compared to the throughput times during tool usage and 
tool processing in the tool shop throughput times during 
allocation and test are negligible and can be considered as 
tool specific constants. Hence, this paper focuses on 
modelling the throughput times during usage and processing 
in the tool shop. Throughput times in the tool loop are here 
modelled according to the throughput elements defined by 
Nyhuis and Wiendahl [4]. As pictured in Fig. 4, the 
throughput time during tool usage encompasses an 
interoperation time before usage and an operation time. The 
interoperation time comes off waiting time after allocation, 
transport time from allocation place in production to the 
usage site and waiting time before setup. The waiting time 
after allocation occurs due to a delayed production onset. In 
contrast, waiting time before usage results from a delayed 
tool setup. The operation time comprises setup time and usage 
time. 
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Figure 4. throughput time elements during tool usage 

Tool processing in the tool shop covers many operations 
e.g. cleaning, fill welding and eroding. As pictured in Fig. 5, 
the throughput time in the tool shop equates the total of 
operation throughput times. Each operation throughput time 
consists in an interoperation time due to the waiting queue 
at the working system and an operation time. 
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Figure 5. throughput time elements during tool processing in the tool 
shop 



B. Tool allocation delay and tool life quantity reliability 

A high tool availability is assured if tool allocation delays 
are minimal and planed tool life quantities are highly reliable. 
Therefore, the tool availability is here measured with the 
two key indicators mean tool allocation delay (TAD ) and 
mean tool life quantity reliability (TQLR ) 

A tool allocation delay is measured each time when the 
difference between actual and plan end of allocation is 
positive (1). 
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where TAD: 

e,al,plan 



tool allocation delay [SCD] 
plan end of allocation [SCD] 
actual end of allocation [SCD] 



The mean tool allocation delay (TAD ) is calculated by 
dividing the total of tool allocation delays in the reference 
period by the number of delayed tool allocation within the 
reference period (2) 



Z TAD 



TAD, 



7=1 



(2) 



where TAD : Mean tool allocation delay [SCD] 
TAD™ tool allocation delay j [SCD] 
k: number of tool allocation delays in the 

reference period [-] 

The mean tool life quantity reliability (TQLR ) is calculated 
as the ratio of the total of actual tool life quantity per usage 
to the total of planned tool life quantity per usage (3). 
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where TQLR m : 
TQL '", 

^- actual,: 

usage i [piece] 

TQL .: planned tool life quantity reliability for 
the usage i [piece] the reference period [-] 

n: number of tool usages in the reference 

period [-] 

C. Tool Utilization 

A tool is fully utilized when neither storage nor waiting 
times exist. In order to evaluate the tool utilization a tool 
utilization ratio is defined as rapport of the sum of mean 
operation times to the mean loop time (4). The mean tool 
loop time and the operation time of each process (tool 
allocation, tool usage, tool test and tool processing in the 
tool shop) are calculated as arithmetic mean values. The 
operation time is defined according to Fig. 4 and 5 as the 
time span in the throughput time in which tools are in 
processing (e. g. set up, usage, test, working off). 



©2010 AMAE 
DOLOl.IJPIE.Ol.Ol.lO 



^AMAI 



AMAE Int. J. on Production and Industrial Engineering, Vol. 01, No. 01, Dec 2010 



TU , 



TOP us, ,„ +TOP,s,m +TOP ahm +TOP„„, ^ 



100 



(4) 



where TU : 

m 

TOP 

U! 

TOP : 

ts,m 

TOP, 

al 

TOP 



TTL m 

mean tool utilization [%] 

mean tool operation time during tool usage 

[time unit] 
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[time unit] 

mean tool operation time during tool 
allocation [time unit] 

mean tool operation time during tool test 
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TTL : mean tool loop time [time unit] 

E. Tool stock level 

Fig. 6 depicts exemplarily cumulative tool quantities 
going in the into stock of ready-to-use tools after the 
processing within the tool shop (input). It also shows the 
cumulative quantity which is ordered by the production and 
removed from stock of ready-to-use tools (output). At a time 
segment T the stock level accords to the vertical distance 
between the input and the output curves. 
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The mean stock level can be calculated by dividing the 
total of stock levels per time segment (i.e. per shop calendar 
day (SCD)) by the number of time segment z within a 
reference period (5) 
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where TSL : Mean tool stock level [piece] 

TSL(T): tool stock level during the time segment T 

[piece] 
z: number of tool usages in the reference 

period [-] 
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IV. KEY INDICATORS OF AN IDEAL TOOL LOOP 

In order to examine influencing factors in tool logistics, 
the above defined key indicators have to be compared with 
their values under ideal conditions. The deduction of the ideal 
key indicators is based on an analytic view of an ideal tool 
loop. The ideal tool loop is described by the following terms 
and conditions: 

■ Only one tool type is to be considered. 

■ The dispositive tool life quantity matches the order 
quantity so the tool usage time corresponds to the work 
content of the production order. 

■ The tool life quantity is constant and accords to the 
dispositive tool life quantity. 

■ Tools are usually available, so the production orders 
do not have to wait for tools. 

■ Tools are remanufactured after each usage in a way 
that they match order quantities for the next operation so the 
processing time in the tool shop equals the work content 
according to a complete dispositive tool life quantity. 

■ The capacity of working systems in the tool shop is 
adjusted to the required performance in production. 

■ Transportation times are negligible. 

■ There are no tool storage processes. 

■ There is sufficiently precise planning data available 
in order to establish the work content of all processes in the 
tool loop. 

■ The examination period is long enough to assume 
that all times and quantities can be considered representative 
of the viewed tool cycle and production. 

A. Ideal minimum tool loop time 

The ideal tool loop time will result, if no tool idle times 
exist. In this case tools are always in processing so they are 
being either allocated, used, tested or processed in the tool 
shop. Hence, the ideal minimum tool loop time is calculated 
as (6). 

ITLT^ = WC al + WC usMeal + WC„ + WC tsMea i (6) 

where ITLT : ideal minimum tool loop time [hrs] 

mm L L J 

WC : tool allocation time [hrs] 



WC 

a 

wc tt 

WC 



work content of a production order 
according to a tool life quantity [hrs] 

tool test time [hrs] 



work content in time of tool 
remanufacturing according to a tool 
life quantity [hrs] 

B. Maximum production output rate per tool 

Under the above cited terms and conditions for an ideal 
tool loop a maximum production output is calculated as 
the ratio of the dispositive tool life quantity to the ideal 
minimum tool loop time (7). 
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where OUT , : Maximum production output rate per 

tool,max x r x 

tool [piece/hrs] 

ITSL : ideal minimum tool loop time [hrs] 

mm r L J 

TLQ d : dispositive tool life quantity [piece] 

C. Ideal minimum tool stock level 

The ideal minimum stock level for a required production 
output rate is calculated as the rounded up ratio of the 
required production output rate to the maximum production 
output rate per tool (8). 
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(8) 



ideal minimum tool stock level [-] 
required production output rate [piece/ 

Maximum production output rate per 



V. STRUCTURE OF THE SIMULATION MODEL 

The developed simulation model has a modular structure 
(Fig. 7). The central component of the simulation model is a 
relational database which contains all master- and transaction 
data. To start a simulation users have to enter planning 
parameters in the database first. Resource data is used to 
describe working systems within the production and tool 
logistic processes. 



In particular the shift model, number of redundant working 
systems and their availability are defined. 
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tool, max 
ideal minimum tool stock level [- 

required production output rate 
[piece/hrs] 



OUT , : Maximum production output rate per 

tool,max r x r 

tool [piece/hrs] 

Tool data includes technical parameters (i. e. mean and 
distribution of tool life quantity) and dispositive parameters 
(i. e. dispositive tool life quantity and maximum allowed 
stock level of tools) as well as process times for tool 
allocation, test and processing within the tool shop. 
Furthermore users enter a list of scheduled production orders 
which have to be executed within the simulated period. 
During simulation, the simulation modules "Production" and 
"Tool logistics" write feedback data into the database for 
analysis. The feedback data includes actual dates and tool 
life quantities for the tool cycle. Within the module "Logistic 
monitoring" completion data is analyzed and key 
performance indicators are calculated which describe the 
production and tool logistics. Important key performance 
indicators are scheduled: tool performance, throughput times, 
tool stock levels and tool utilization. 



tier: 

Patrudfcter amfi-ETi ration 



I*- 



Vis-naLis-inE; 
Tool loop tima 
Tool allocation calay 
Tool ■utilization 



Logiiti-c nMoii toeing 



P lan-P atamatai 
Rasomcas cata 
Tzzis z=r= 
i laoifeztuti r. a: oicar=- 



■ Plan ffata 
" Siurulation i 



?i c [LuJiricLi centre I 



EH =.patchad ■n.^r vfck-T v-riT-g oKian. 

■ Lotaisa 

■ Data 



Tool : parari : l. ■:: i:u : I 



Ral-aasac. rurrfa-h-TiTg oKi-=n- 
Lot size 
Data 



Tool allocation otti-an- 

Tool 

Data 



Rasoui-zas 
Data 


\rjntjm-ri 

t. * Orcan. 


Data 
A-zcyj =-itio 


Tools Data 



MamfeztLiirE ordars 

Lot =izs 

Data 



A-zcvJascad -data 

■ Actual datas 

■ Actualonfiar 
■znattitias 



AccvJascac, data 
1 Actual datas 
1 Actual tool life 
•zuantitia* 



Eiomlation module production 



PntatakitioiL paiaci.-5tar=. 
actual- satup baa^n 
actual-piozass ari 



PuicLasa oidan- 
■ tool=. 
1 data^ 



SionilatiDii dmwItiI* 
tool I : a i l ri :: 



Intafaction pataniatan- 

■ Acn-al-avai lability data 

■ Actual-tool life ^n^ttitL" 

Figure 7. Structure and information flow of the simulation model 
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The release of production orders within the module 
"Production control" is executed in two steps. In a first step, 
orders are released according to the load-oriented order 
release procedure developed by Wiendahl [5]. Within the 
release calculation it is verified if the next order release and 
the work-in-progress-level of already released orders exceed 
the load limitations at the following working system. A 
production order is only released if the load limitation of all 
working systems within the operation sequence is not 
exceeded. A description of all calculation steps is detailed in 
literature from Wiendahl [5] and Bechte [6]. In the second 
release step an availability check of ready-to-use tools in 
stock is done. Orders which cannot be operated with tools 
from stock are deferred in processing and will be considered 
within the next release run. All production orders which can 
be operated with tools out of the stock will be finally released 
according to their scheduled sequence. The module "Tool 
operation control" schedules necessary tool allocation orders 
to provide released production orders with required tools. 
The scheduling of tool allocation is based on tool specific 
allocation times. The simulation module "Production" is 
based on the "Simulation network to monitor, plan and 
control supply chains" (SiMPL) as proposed by Wiendahl 
and Ouali 7,8]. The modelling of the different operations in 
production is based on the throughput elements according 
to Nyhuis and Wiendahl [4] . Here, a tool usage time for each 
production order was simulated. The simulation module 
"Tool Logistics" consists of the six elements tool shop, stock 
for ready-to-use tools, tool allocation process, tool usage, 
tool test and stock for tested tools. In the tool shop times for 
tool production, tool service and tool remanufacturing are 
simulated. The tool life quantity after remanufacturing is 
randomly generated according to Weibull distribution. The 
Weibull distribution is one of the most widely used lifetime 
distributions in reliability engineering. It is a versatile 
distribution that can take on the characteristics of other types 
of distributions, based on the value of the shape parameter 
[9]. Service times are simulated after each production 
application if no decision for remanufacturing or a 
withdrawal from service is made. This decision is calculated 
within tool test when the maintenance limit, a percentage 
share of the dispositive tool life quantity, is exceeded. The 
tool characteristic maintenance limit determines the 
minimum acceptable remaining tool life quantity, which can 
be assigned to a production order. While service times are 
tool specific and constant, processing times for tool 
remanufacturing are defined as a condition based variable 
which is calculated according to (9). 



WC Re m = WC S + — * t r 

TL Qd 



(9) 



where WC 



. condition based processing time for tool 

remanufacturing [hrs] 
WC S : tool specific processing time for the 

service process [hrs] 
TLQ : dispositive tool life quantity [piece] 
TLQ : remaining tool life quantity [piece] 



t : maximal tool specific processing time for 

rcm,max r r c 3 

remanufacturing [hrs] 

The remaining tool life quantity is calculated after usage in 
the process tool test. The remaining tool life quantity is 
calculated as a function of the tool life quantity after last 
remanufacturing, the quantity of forged parts and a wear 
factor (10). The wear factor is a variable parameter which 
describes the stability of the forging process and is randomly 
generated through a defined Gaussian distribution. 

TQL r ,i+\ = TQL rJ -x pJ+l *{l + ii v ) (10) 

where TQL : remaining tool life quantity after the 

usage i+1 [piece] 

TQL : remaining tool life quantity after the 

usage i [piece] 

x p . +1 : produced parts in the usage i+ 1 [piece] 

|i v : wear factor (0d" u, v d"l) [-] 

VI. EXPERIMENTAL DESIGN FOR THE 
SIMULATION STUDY 

The simulation study is carried out in order to describe 
cause -effect interdependencies between influencing factors 
and objectives (e. g. tool availability) in tool logistics. As 
described in the first section the following influencing factors 
are relevant in tool logistics in massive forging: 

■ Mean tool life quantity. 

■ Tool life quantity variance. 

■ Mean production order quantity. 

■ Production order quantity variance and frequency. 

■ Capacity structure in the tool shop. 

The simulation study is carried out in two steps. In the first 
step a one by one factor study is conducted. According to 
VDI-3633/3 a one by one factor study consist in varying 
influencing factors separately in order to avoid interactions 
between factors [10]. Hence, the impact of a single 
influencing factor on tool logistics objective is examined. 
The one by one factor study constitutes the basis for the 
second step of the simulation study as significant value 
ranges for the influencing factors are determined. In the 
second step fully factorial experiments are achieved. Fully 
factorial experiments allow studying the effects of 
interactions between influencing factors on the tool logistics 
objectives. In both steps the impact of influencing factors 
on tool logistics objectives is observed by varying the tool 
stock level. For each step of the simulation study an 
experimental design is generated. For this purpose, the 
variance of influencing factors is mathematically modeled. 
The variance of the tool life quantity is modeled according to 
the weibull distribution. The weibull distribution is a 
continuous probability distribution which is mainly used in 
reliability engineering and failure analysis [11]. The density 
function of the tool life quantity is given according to (11). 



f(TLQ ) = 



TLQ 



f TLQ 

TLQ „ 



b-\ 



TLQ 
TLQ „ 



(ID 



where F(TQL): density function of the tool life quantity 
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TQL: tool life quantity [piece] 

TQL : mean tool life quantity [piece] 
b: Weibull shape parameter [-] 

The variation of the weibull shape parameter b results in 
the following distribution forms [12]: 
§ for b=0,5 . . . 1 : exponential distribution 
§ for b=2: lognormal distribution 
§ for b=3,2. . .3,6: Gaussian distribution 
The variance of production order quantity is modelled 
according to the Gaussian distribution. As depicted in Fig. 
8, the variance of production orders is limited between a 
minimum and maximum order quantities which stem from 
the master delivery agreement between a forging company 
and its costumers. 



Variant lanaa of 
tta pioi^ti on oifia 

CTl3Lti1V 




The capacity structure encompasses the shift model of 
working systems in the tool shop and their redundancy. In 
order to reduce the complexity of the simulation study, it is 
assumed that working systems in the tool shop are actuating 
according to the same shift model of working systems in 
production. Hence, the capacity structure is here varied by 
influencing the redundancy of working systems in the tool 
shop. The redundancy of working systems is here expressed 
as a number of tools which can be processed at the same 
time. Fig. 9 shows an exemplary experiment design for the 
one by one factor simulation study. For each experimental 
series (e. g. El-1 to El-12) the tool stock level is varied for 
a relative standard deviation of the production order quantity 
(e. g. o„ =0,2). The relative standard deviation is the ratio 

v ° Q,rcl y 

of standard variation to the mean production order quantity. 
The variation of the tool stock level begins with the ideal 
minimum tool stock level which can be calculated according 
to (8). 



ft*= ft. ft» 

Qr, : E13L pjoiiictior OKia contity 
Qu- : nirJEiun ptodii-rtrat osdai quantity 
Qtix : tamnrLci jHocn-itioi: QKi-a ixaLtiry 

Figure 8. Variance of production order quantity 
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Figure 9. Exemplary experiment design for production order quantity variation 



CONCLUSIONS 

The synchronisation of tool logistics with production 
requirements in the forging industry necessitates the 
knowledge of cause-effect interdependencies between 
influencing factors and objectives of tool logistics. This paper 
presents an approach for a simulative description of cause- 
effect interdependencies in tool logistics. First, typical tool 

©2010 AMAE 

DOI: Ol.UPIE.01.01.10 



loops in massive forging and the influencing factors were 
described based on a survey with 27 German forging 
companies. Second, basic key indicators were defined to 
measure the effect influencing factors on objectives of tool 
logistics. Third, ideal values for the defined key indicator 
were deduced by assuming terms and condition for an ideal 
tool loop. Finally an experiment design to carry out the 
simulation study was presented to evaluate the ideal operating 
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state and to demonstrate the effect of influencing factors (here 
tool life time variance). For this purpose, a simulation model 
was developed which enables the evaluation of interactions 
between production and tool logistics. Further researches in 
the presented project SFB 489 C4 consist in deducing an 
approximation function, which will enable to calculate the 
tool operating points with the consideration of influencing 
factors in the tool loop. Furthermore, the effect of dispositive 
parameter such as dispositive tool life quantity and tool 
maintenance limit on the tool performance will be considered. 
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